Tumor necrosis factor alpha facilitates nuclear actions of retinoic acid to regulate expression of the alkaline phosphatase gene in preosteoblasts.
This study examines the molecular mechanisms of interaction between tumor necrosis factor alpha (TNF alpha) and retinoic acid on the expression of the alkaline phosphatase gene by rat clonal preosteoblastic cells. In this cell line, alkaline phosphatase mRNA was not constitutively expressed but was progressively induced by treatment with 1 microM retinoic acid, detectable by 6 h. Combining retinoic acid with 0.6 nM TNF alpha resulted in alkaline phosphatase mRNA appearing by 2 h, as well as enhanced expression above that observed with retinoic acid alone at 6, 12, and 24 h. Nuclear run-on analysis showed constitutive transcription of the alkaline phosphatase gene in control and TNF alpha-treated cells. At 4 h, retinoic acid, alone or combined with TNF alpha, increased alkaline phosphatase gene transcriptional rate by 2-fold. However, at 24 h, while no retinoic acid effect was retained, retinoic acid plus TNF alpha resulted in a 5-fold increase in alkaline phosphatase transcriptional rate. Examination of the distribution of nuclear alkaline phosphatase mRNA demonstrated that pre-spliced precursor mRNA was localized to the nuclear matrix in control and all treatment groups. Retinoic acid caused a time-dependent accumulation of mature, spliced alkaline phosphatase mRNA located in the non-matrix and cytoplasmic fractions, implying a post-transcriptional action of retinoic acid in nuclear processing and nucleocytoplasmic transport. Adding TNF alpha with retinoic acid greatly enhanced this effect, which was observed after 4 h, prior to any detectable interaction between TNF alpha and retinoic acid on gene transcription. In sharp contrast, only a negligible amount of nuclear processing occurred in control and TNF alpha-treated cells. This study reveals distinct interactions between TNF alpha and retinoic acid at post-transcriptional as well as transcriptional levels to regulate expression of the alkaline phosphatase gene in preosteoblasts.